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ABSTRACT

Experiments were performed with a 1:25.682-scale model
of the AO 177 to determine the effect of bow-down trim on the
resistance of the hull. The three full-scale trim conditions
represented were 1.5-foot (0.46 m) trim by the stern, 1.0-foot
(0.3 m) trim by the bow, and 3.5-foot (1.07 m) trim by the bow.
The results indicate a small increase in resistance at the
21.5-knot design speed with increasing trim by the bow.

ADMINISTRATIVE INFORMATION

The work reported herein was performed for the Naval Sea Systems Command (NAVSEA)

under funding provided in Work Request Number NO00248OWROH301 dated February 1980.

The David W. Taylor Naval Ship R&D Center (DTNSRDC) Work Unit Number was 1-1524-714.

INTRODUCTION

The contract design of the AO 177 Auxiliary Oiler represented by DTNSRDC

Model 5326 was designed to have an at-rest trim of 1.5 feet (0.46 m) by the

stern. The design displacement is 27,390 tons (27 820 metric tons), at a mean

draft of 22.5 feet (6.9 m). When the ship was launched, it assumed an at-rest

trim of approximately 3.5 feet (1.1 m) by the bow. The Naval Sea Systems Command

(NAVSEA 3213) initiated a model test program in the Ship Performance Department at

DTNSRDC to determine the effects of such a change in trim on both the effective

power requirements and the maneuvering characteristics of the AO 177 hull. The

Design Evaluation Branch (Code 1524) was tasked to perform model resistance experi-

ments at 3 trim conditions to determine changes in drag due to the trim. The

Surface Ship Dynamics Branch (Code 1568) was tasked to perform turning and maneuvering

experiments to determine the effects of bow-down trim on maneuvering characteristics

of AO 177.



This report presents a brief description of the model and experimental

conditions for the resistance experiments. The results showing drag increase with

bow-down trim are presented. The results of the turning and maneuvering experiments

will be presented in a separate report.

DESCRIPTION OF MODEL AND EXPERIMENTS

DTNSRDC Model 5326-1 represents the AO 177 to a scale ratio of 25.682. For

the resistance experiments reported herein the model was fitted with rudder, bilge

keels and the final design bulbous bow configuration. Additional details of model

configuration are presented in Reference (1).

The model was ballasted to the design displacement representing 27,390 tons

(27 820 metric tons) and trimmed to represent 3 trim conditions: 1.5 feet (0.46 m)

trim by the stern, 1.0 feet (0.3 m) trim by the bow and 3.5 feet (1.1 m) trim by

the bow. Resistance experiments were performed on towing Carriage 1 in the deep

water basin of DTNSRDC, using standard equipment and procedures.

PRESENTATION AND DISCUSSION OF RESULTS

The results of the resistance experiments are presented int Tables 1 through 3

and Figure 1. Effective power predictions have been made using the 1957 ITTC

Ship-Model Correlation Line and a correlation allowance of 0.0005. Full scale

effective power predictions are for the ship operating in smooth, deep salt water

at 15 0 Celsius. Still-air drag and service margin have not been added to these

effective power predictions. The effect of trim on resistance may be determined

from comparison of the straightforward extrapolation of model experimental data,

since wind drag and service margin corrections would merely be constant values

added to all of the experimental data.

Table 4 assembles the effective horsepower predictions for all three trim

conditions in the speed range from 18 to 22 knots. The predictions of effective

power at the design speed of 21.5 knots have been plotted as a function of trim in

Figure 2.

The resistance of the AO 177 hull at the design condition (1.5 foot (0.46 m)

trim by the stern) repeated results of earlier experiments. 1The resistance

I References are listed on page 4.



of the bull wii-h the large bow-down trim of 3.5 feet (1.1 m) increased by approxi-

mately one and one half percent at the 21.5 knot design speed. The resistance of

the hull with 1.0 foot (0.3 m) trim by the bow is only one-half percent higher

than the resistance at the design condition. The small change in resistance is

shown in Figures 1 and 2. From the data presented in these figures and in the

tables it may be concluded that the effects of the bow-down trim on thP resistance

of the AO 177 hull are small.

The accuracy of the experimental measurements is approximately plus or minus

one and one half percent, so the differences shown in these results are less than

or equal to the inaccuracy of measurement. Nevertheless, the experiments showed a

consistent trend of increasing resistance with increasing trim by the bow. This

trend is considered valid.

3
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TABLE 4

COMPARISON OF EFFECTIVE POWER PREDICTIONS FOR AO 177
REPRESENTED BY MODEL 5326, DESIGN DISPLACEMENT, FULLY
APPENDED, AT THREE TRIMMED CONDITIONS: 1.5 X FT X STERN,

3.5 FT X BOW, AND 1.0 FT X BOW

V-KNOTS EXP 1 EXP 2 EXP 3
PE-hp PE-hp PE-hp

1.5 FT X STERN 3.5 FT X BOW 1.0 FT X BOW

18.0 8120 8276 8206

20.0 11728 11853 11686

20.5 13221 13292 13163

21.0 15030 15242 15101

21.5 17140 17375 17222

22.0 19629 19807 19628

I0
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